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INTRODUCTION
Li-ion batteries are dual intercalation systems, in which both the cathode and the anode have structures that permit reversible insertion and extraction of lithium cations. In principle, there are numerous materials that undergo reversible intercalation and can serve as electrode materials. Thus, the choice of cathode greatly affects the performance and cost of a Li-ion battery. The realization that some transition metal compounds undergo reductive lithium intercalation reactions reversibly created the use of these materials as cathodes in these devices. Environmental and toxicity concerns have precluded the development of most V and Cr-containing materials, although electro active compounds containing these metals exist [1] .
LiCoO2 was the first of the layered transition metal oxides that has been widely studied thus commercialized in batteries for consumer devices [2] [3] [4] . While LiCoO2 is a common cathode material, problems such as toxic properties and high cost have driven researchers to look for other options [5] . Another layered compound with the nominal composition of LiNiO2 has also been extensively studied for battery applications. The structure is similar to LiCoO2 and its potential in higher density motivates its development. Although LiNiO2 has the advantage of being cheaper, it is difficult to synthesize and it is thermodynamically as well as electrochemically unstable [6] [7] [8] .
As cathode material, LiNiCoO2 usually have a lower safety in the charged-state compared to LiCoO2, because of the lower structural stability of LiNiO2. One way to improve the safety, LiNiCoO2 has been doped with inert element, titanium (Ti) and tin (Sn), in order to stabilise the structure during heating at the charged-state [9] . In addition, both Ti and Sn also can resist the corrosion effects in the reversibility process of Li-ion battery. The aim of this work was to study the cathode material, LiNi0.7Co0.3-(x+y)TixSnyO2 (x = 0.1; y = 0.01) and the effect of using different annealing temperatures. The annealed samples were then characterized using X-Ray Diffraction (XRD), Field Emission Scanning Electron Microscopy (FESEM) and charge-discharge cycling. LiNi0.7Co0.3-(x+y)TixSnyO2 (x = 0.1; y = 0.01) material was synthesized using a combustion method [10] . Lithium nitrate (LiNO3), cobalt (II) nitrate hexahydrate (Co (NO3)3.6H2O), nickel (II) nitrate hexahydrate (Ni(NO2)3.H2O), titanium nitrate (TiNO3), and tin (II) acetate (Sn(C2H3O3)2) were used as starting materials. In this method, the starting materials were first dissolved in deionized water and then citric acid was added as a reductant according to its stoichiometry. The mixture was stirred and slow heated until it reached its ignition condition whereby combustion occurs. The combustion reaction is very fast and over just in a few seconds. The precursor obtained was annealed at 650 °C, 750 °C and 850 °C for 24h in a furnace. The final product was grinded until fine powders were obtained.
EXPERIMENTAL METHODS
Preparation of
Characterizations of the materials were done using XRD with Cu Kα radiation to identify the crystalline phase and purity of the materials. The back-loading method was used to prepare the samples in order to minimize preferred orientation effects. The PANanalytical Xpert Pro powder diffraction equipment was used and the BraggBentano optical configuration was used in the measurements. The morphology of the powder and particle size were examined by FESEM using the JEOL JSM-7600F microscope.
The cathode was prepared using 80 wt% LiNi0.7Co0.3-(x+y)TixSnyO2 (x = 0.1; y = 0.01) powder, 10 wt% polytetrafluoroethylene (PTFE) as binder and 10 wt% Super P (a type of carbon) as a conductive additive. The mixture of cathode was pressed onto metal grids, and was dried in an oven at 200 °C for 24h. The cathode was then assembled in a glove box (Unilab Mbraun) filled with argon gas. A Celgard 2400 microporous polyethylene film was used as separator while lithium foil was used as anode. The electrolyte used was 1.0 M lithium hexafluorophosphate (LiPF6) in 1:1 volume of ethylene carbonate (EC) and dimethyl carbonate (DMC). The electrochemical performance of the cell was tested using a battery tester, WonaTech WBCS 3000. The chargedischarge cycling was done by applying a constant current of 1.0 mA within a voltage range of 4.2 to 2.5 V.
RESULTS AND DISCUSSION
The XRD patterns of annealed LiNi0.7Co0.3-(x+y)TixSnyO2 (x = 0.1; y = 0.01) at temperatures of 650 °C, 750 °C and 850 °C for 24h are shown in Fig. 1 . The diffractrograms can be indexed with the LiNiCoTiO2 pattern (ICDD database, Ref. code 01-070-4315). It was measured with high counts in order to show that there are no minor phases and impurity peaks presents in the samples [11] . Thus, it is confirmed that the samples are pure, layered compounds which means that Ti and Sn -ions have been successfully substituted in LiNiCoO2. All the fingerprint peaks, namely (003), (101), (006), (012), (104), (015), (009), (018), (110), (113) and (116) are easily identified in the XRD patterns. It has the rhombohedral crystal system with R-3m space group. The XRD patterns show a series of sharp peaks, due to diffracted beams arising from different lattice planes. As the annealing temperatures increase from (a) to (c), the intensity of the peak was observed to increase. This indicates high degree of crystallinity of the materials. Peak broadening decreases with increasing crystallite size as expected. Fig. 2 . The images show that the samples were homogenous with polyhedral-type crystals. As the annealing temperature increase, the crystallite sizes increases and were found to be in the range of 0.150 to 0.430 μm. Smaller crystallite size and more uniform size distribution of particles will contributes to better performance in terms of specific capacity of the materials [12] . 
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This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to IP: 103.18.0.19 Figure 3 shows the charge-discharge capacities of the 1 st cycle of LiNi0.7Co0.3-(x+y)TixSnyO2 (x = 0.1; y = 0.01) samples annealed at 650 °C, 750 °C and 850 °C. C1, C2 and C3 are charging curves while D1, D2, and D3 are discharging curves for the samples. Table 1, Table 2 and Table 3 show the charge-discharge capacities of samples annealed at 650 °C, 750 °C and 850 °C respectively. The discharge capacities seem to increase as the annealing temperature increases. This means that battery performance is better when the material is more crystalline. The first discharge capacity of the annealed sample at 850 °C only exhibit 70.05 mAh/g and this is considered low compared to the standard of LiCoO2 material that can show discharge capacities of between 120 to 130 mAh/g [13] . This result shows that there is no improvement in the battery performance by substituted doping of the material LiNi0.7Co0.3O2 with Sn and Ti. The reason may be due to the oxidation state of Sn and Ti, +4, whereas the transition metal of the layered compound ideally should be +3. Therefore, the materials did not show good charge-discharge characteristics and no improvement in the battery performance compared with the LiCoO2 standard. 
CONCLUSIONS
Pure and single phase of LiNi0.7Co0.3-(x+y)TixSnyO2 (x = 0.1; y = 0.01) material has been successfully synthesized using combustion method and citric acid as a reductant. The annealed sample at 850 °C shows highest discharge capacity which is 70.05 mAh/g at the 1 st cycle and it decreases to 30.86 mAh/g at the 30 th cycle.
However, the capacities are much lower than ones exhibited by LiCoO2 and LiNi0.7Co0.3O2 materials. Therefore, this material cannot be used in a commercial Li-ion battery.
